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TEM data and X-ray diffraction pattern of the precipitate of the Ni-Sn-P sample are shown in Figure   S1 and S2, of the Co-Sn-P sample in Figure S3 , and of the Fe-Sn-P sample in Figure S4 and S5. Exemplary point EDX measurements of the Ni-Sn-P nanoparticle sample with 15 ml TBP are presented in Figure S5 and S6. The listed compositions should be handled carefully due to the spot size of the electron beam, the sample motion during measurement, and the additional oxide layer surrounding the crystallites. 
Figure S 8: HRTEM images of the Ni-Sn-P nanoparticles synthesized with less TBP, the phosphorus concentration was measured by point EDX measurements. The corresponding FFT can be indexed with the Ni 3 Sn 4 crystal structure in (d) [-151] (0 at% P), (e) [1-54] (3 at% P), and (f) [-172] and [141] direction (17 at% P).

Figure S 9: HRTEM images of Co-Sn-P nanoparticles synthesized with less TBP. In (a) CoSn 2 nanoparticle with less than 10 % P, in (b) and (c) polycrystalline nanoparticles with ternary Co-Sn-P crystallites.
Figure S 11: XP spectra of the nanoparticle samples synthesized with 5 ml TBP after 150 °C (left) and 300 °C (right). The XP signal around 139 eV belongs to the 4s orbital of Sn. The XP signal at 133 eV is generated from oxidized phosphorus (positive oxidation states) and can be assigned to surfactants. The metallic character of the phosphide compounds can be observed at lower binding energies (green-dotted line). The shift to lower binding energies compared to a neutral phosphorus atom indicates a higher electron density.
Bimetallic nanoparticle precursors for the phosphorization process:
Stopping the synthesis of ternary metal-tin phosphides before heating to 300 °C to induce the phosphorization and growth of the nanoparticles leads to the nanoparticle samples characterized in Figure S 12. TEM images reveal the small size of all nanoparticles. The nanoparticles growth is dominated by monomer diffusion at higher temperatures and is suppressed at 150 °C. An HRTEM image of a Ni-Sn nanoparticle in [011] direction with the corresponding FFT and the X-ray diffraction data confirm the Ni 3 Sn 4 crystal structure for that sample. The Co-Sn and Fe-Sn samples are more prone to oxidation; therefore, they form amorphous, oxidized nanoparticles after exposure to the atmosphere. In the case of Fe-Sn, larger crystalline agglomerates were found, which form large agglomerates at 300 °C and can be separated via centrifugation. The localization of the phosphorus atoms in the Ni 3 Sn 4 crystal structure was compared to the ternary phosphide sample after 300 °C (black curve in (f) equates to Figure 5 ) via 31 P MAS-NMR. The signals are broadened, which points to a delocalization of the phosphorus atoms (random alloy) in contrast to the ternary metal-tin phosphide sample (intermetallic). 
